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Abstract 
The objective of this paper is to present the conceptual guideline in selecting the design target for  heat exchanger 
network synthesis using the trade-off plot. Previously, there is no systematic way in selecting the suitable value for  
heat exchanger network (HEN) design target, which is in this case is the minimum temperature difference (ΔTmin). 
What has been currently practised is just setting the value of ΔTmin with any value (usually is 25oC). Therefore, in this 
paper we proposed the used of the trade-off plot in selecting the best suitable value for ΔTmin in designing the heat 
exchanger network. The proposed trade-off plot is based on the four criteria, which are design (maximum energy 
saving), control (flexibility, sensitivity, stability), cost (capital and operating cost) and ΔTmin. In this trade-off plot, we 
only choose a suitable value of ΔTmin and from the selected value, insights can be obtained in terms of design, control 
and cost impacts. From the selected value of ΔTmin, the design of heat exchanger network is then continued using any 
available methods. The advantage of using this trade-off plot is that, we are able to know impacts of the design, 
control and cost in the early design stage of the heat exchanger network. 
  
© 2014 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE 
 
Minimum temperature difference (ΔTmin); Trade-off Plot; Heat Exchanger Network; Integrated Process Design and Control 
1. Introduction 
In any of the heat exchanger network (HEN) synthesis method, one of the requirements is to select a value 
of ΔTmin. Once the value of ΔTmin is selected, one will then continue with the next step of design 
procedure such as composite curve, grand composite curve, heat cascade calculation  or computer aided 
solutions. There is lack systematic way in selecting the suitable value of ΔTmin, which is in th is case 
becomes the design target for the heat exchanger network. What has been currently practiced now is just 
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setting the ΔTmin with any value, which is usually 25oC. Another question that needs to be answered here 
is how the selected value of ΔTmin will determine the impact in terms of design, control and cost. 
Although there are several researchers consider ΔTmin selection in their works [1-2], however there are 
still space can be improved. Therefore, in this paper, we proposed the used of trade-off plot in selecting 
the best suitable value for ΔTmin in designing the heat exchanger network. The proposed trade-off plot is 
based on the four criteria, which are design (maximum energy saving), control (flexib ility, sensitivity, 
stability), cost (capital and operating cost) and ΔTmin. In this trade-off plot, we only choose a suitable 
value of ΔTmin and from the selected value, insights can be obtained in terms of design, control and cost 
impacts. From the selected value of ΔTmin, the design of heat exchanger network is then continued using 
any available methods. The advantage of using this trade-off plot is that, we are able to know impacts of 
the design, control and cost in the early design stage of the heat exchanger network.   
2. Embedded Trade-off Plot within Integrated Process Design and Control Methodology 
2.1 Integrated Process Design and Control Methodology for Heat Exchanger Network  
 Integrated Process Design and Control (IPDC) methodology for HEN design has been proposed [3]. 
Accordingly, the proposed methodology is decomposed into four sequential hierarchical sub-problems: 1) 
Target Select ion, 2) Heat Exchanger Network Design Analysis, 3) Controller Design Analysis and 4) 
Optimal selection and Verification, as shown in Fig. 1. The proposed methodology is based on the IPDC 
method [4] and STEP method [5], which is able to design flexible, operable and cost efficient HEN [6]. 
As can be seen in Fig. 1, the trade-off plot is embedded at the early stage of the proposed 
methodology. The function of trade-off plot in this methodology is become a guideline for 
designers/engineers in selecting the best suitable value of ΔTmin. Once the value of ΔTmin has been selected, 
then the design procedure can be proceeded. If the HEN design cannot be obtained in Stage 2, then the 
new value of ΔTmin is selected in Stage 1 and the HEN is redesigned. This procedure is continued until a 
satisfactorily matching is obtained. 
One may argue that how the selection of the value of ΔTmin will affect the HEN  performances in  terms 
of design, control and cost. This will be explain in much details in the next sub-section. 
2.2 Trade-Off Plot 
In this paper, we proposed the used of trade-off plot in selecting the best suitable value for ΔTmin in 
designing the heat exchanger network. The proposed trade-off plot is based on the four criteria, which are 
design (maximum energy saving), control (flexib ility, sensitivity, stability), cost (capital and operating 
cost) and ΔTmin, as shown in Fig. 2. In this trade-off p lot, one will only choose a suitable value of ΔTmin 
and from the selected value, insights can be obtained in terms of design, control and cost impacts  (see Fig. 
2). The advantage of using this trade-off plot is that, one will be able to know impacts of the design, 
control and cost in the early design stage of the heat exchanger network.  
Firstly, the range value of ΔTmin is determined in  Stage 1 (step 1.1) based on the practical operation of 
heat exchanger. This range value of ΔTmin is then will be updated at the top x-axis  of Fig. 2. According to 
Fig. 2, by selecting d ifferent values of ΔTmin, we will obtain insights on the impacts towards design, 
control and cost. The implication of selecting ΔTmin at different value will be different. If we decided to 
select a small value of ΔTmin (at the left side of Fig. 2), we will obtain higher energy saving and lower 
capital and operating costs since smaller value of ΔTmin will result in a s maller heat transfer area. However 
the control criteria will be lower which means that the designed HEN will not be flexib le and stable as 
well as very sensitive with respect to disturbances  (see Fig. 2). 
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Fig. 1. Methodology flow for operable and flexible heat exchanger network  [3]. 
Contrary, if we decided to select a large value of ΔTmin (at the right side of Fig. 2), we will obtain lower 
energy saving and higher capital and operating costs since larger value of ΔTmin will result in  a bigger heat 
transfer area. However the control criteria will be better in terms  of flexib ility, sensitivity and stability 
(see Fig. 2).  
 
 
 
 
 
 
 
 
Fig. 2. Trade-off plot of four important aspect of flexible and operable HEN. 
Then at Stage 2, the left side of y-axis (design) of Fig. 2 will be updated at step 2.1. In this step, the 
values of energy saving will be calculated and updated in Fig. 2. Next, the right side of y-axis (control) 
will be updated in Stage 3. In this stage, the values of control criteria such as flexib ility, stability and 
sensitivity will be calcu lated and updated. Finally, the bottom side of x-axis (cost) will be updated in 
Stage 4. In this stage, the values of capital and operating costs will be calculated and updated. 
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3. Conceptual Application 
 
In this section, the capability of the proposed trade-off p lot is demonstrated by using the conceptual 
case study. Let us consider the HEN system which has higher flexib ility and stability as well as lower 
sensitivity with respect to disturbances. For this kind of system, according to trade-off p lot, we need to 
make more effort in maximizing energy saving (more weightage on design criteria) rather than control 
criteria. Since the systems have higher flexibility, h igher stability and lower sensitivity with respect to 
disturbances, we need to select a smaller value of ΔTmin in designing a HEN. Selecting a smaller value of 
ΔTmin will cause higher in energy saving and lower costs (refer to  Fig. 2) . On the other hand, if we have a 
HEN system which  has lower flexibility and stability as well as h igher sensitivity with respect to 
disturbances, according to trade-off plot, we need to make more effort in making the system flexib le and 
stable first (more  weightage on control criteria) rather than design criteria. For this kind of system, we 
need to select a bigger value of ΔTmin in designing a HEN. Selecting a bigger value of ΔTmin will cause in 
better flexibility and stability of the system but will have higher capital and operating costs (refer Fig. 2).  
4. Conclusion  
The conceptual guideline in selecting the design target for heat exchanger network synthesis using the 
trade-off p lot has been successfully developed. The used of the trade-off plot in selecting the best suitable 
value for ΔTmin in designing the heat exchanger network has been proposed. The proposed trade-off plot is 
based on the four criteria, which are design, control, cost (capital and operating cost) and ΔTmin. 
Accordingly, one only needs to choose a suitable value of ΔTmin and from the selected value, insights can 
be obtained in terms of design, control and cost impacts. The advantage of using this trade -off plot is that, 
one will able to know impacts of the design, control and cost in the early design stage of the heat 
exchanger network.  
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